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Abstract – Objectives: The aim of this cross-sectional study was to investigate
the relationship of oral health status defined on the basis of presence of
posterior occluding pairs (POPs) and adequacy of removable denture fit as
determined by self-report to nutrient and food intake among older Japanese.
Methods: The subjects were 353 Japanese aged 80 years in 2008 and were
classified into four groups according to the number of POPs, defined as pairs of
occluding natural, restored, or fixed prosthetic postcanine teeth (range: 0–8)
and removable denture status. The groups were: (i) good dentition (n = 56; 8
POPs and no removable prosthesis), (ii) well-fitting dentures (n = 158; <8 POPs
with self-reported good-fitting dentures), (iii) ill-fitting dentures (n = 70; <8
POPs with self-reported ill-fitting dentures), and (iv) compromised dentition
(n = 69; <8 POPs and no removable prosthesis). Multivariable analysis of the
differences in nutrient and food intake outcome variables which were collected
via validated food frequency questionnaire among the four oral health status
groups was conducted using general linear models. Results: Intake of multiple
nutrients was significantly (P < 0.05) lower in the group with ill-fitting
dentures or compromised dentition than in the good dentition group.
Vegetable, fish, and shellfish consumption was significantly lower in the ill-
fitting dentures or compromised dentition groups. No significant differences
were seen in dietary intake between the well-fitting dentures and good
dentition groups. Conclusions: Dietary intake was poorer in those with self-
perceived ill-fitting dentures or fewer POPs than among those having all POPs.
Regular dental care to maintain intact dentition, as well as dental treatment to
replace missing teeth and ensure adequate denture fit and function, may be
important to the diet intake and subsequent nutritional status of older Japanese.
Masanori Iwasaki1, George W. Taylor2,
Michael C. Manz3,4, Akihiro Yoshihara5,
Misuzu Sato1, Kanako Muramatsu6, Re-
iko Watanabe6 and Hideo Miyazaki1
1Division of Preventive Dentistry,
Department of Oral Health Science,
Graduate School of Medical and Dental
Sciences, Niigata University, Niigata, Japan,
2Department of Preventive and Restorative
Dental Sciences, University of California San
Francisco, San Francisco, CA, USA,
3Department of Cariology, Restorative
Sciences, and Endodontics, School of
Dentistry, University of Michigan, Ann
Arbor, MI, USA, 4Department of Cariology,
Restorative Sciences & ENDO (CRSE) 1011
N. University, Ann Arbor, MI, USA,
5Division of Oral Science for Health
Promotion, Department of Oral Health and
Welfare, Graduate School of Medical and
Dental Sciences, Niigata University, Niigata,
Japan, 6Department of Health and Nutrition,
Faculty of Human Life Studies, University of
Niigata Prefecture, Niigata, Japan
Key words: dietary intake; elderly;
epidemiology; functional dentition; oral
prosthesis
Masanori Iwasaki, Division of Preventive
Dentistry, Department of Oral Health
Science, Graduate School of Medical and
Dental Sciences, Niigata University, 2-5274
Gakkocho-Dori, Chuo-Ku, Niigata 951-8514,
Japan
Tel.: +81 25 227 2858
Fax: +81 25 227 0807
e-mail: masanori@dent.niigata-u.ac.jp
Submitted 19 June 2013;
accepted 3 January 2014
Poor oral health can have a negative effect on nutri-
tion. Tooth loss has been associated with impaired
chewing ability and changes in food preference.
Individuals who are either edentulous or have
fewer natural teeth prefer soft, easily chew food
that has low nutrient density (1–3). They therefore
have lower intake of energy, protein, vitamins,
minerals, and dietary fiber (4, 5). These conse-
quences may ultimately lead to clinically important
outcomes related to diet quality and nutritional
deficiencies. As tooth loss is typically associated
with older adults (6), growing awareness of the
importance of oral health in the field of geriatric
nutrition has been reported (5, 7).
There are indices of oral health status involving
tooth loss that include considerations other than
the number of teeth present. The location and func-
tion of the teeth is suggested to be more related to
masticatory ability than merely the total number of
teeth (8). Posterior teeth, which consist of four
doi: 10.1111/cdoe.12100 441
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molars (excluding third molars) and four premo-
lars in each arch for a total of 16 teeth or eight
pairs, are primarily used for grinding and chewing
food. These functional pairs of teeth are known as
posterior occluding pairs (POPs) (8). Hildebrandt
et al. (9) reported that fewer POPs, but not oppos-
ing anterior tooth pairs, were related to the per-
ceived difficulty in chewing in a study of older
adults (mean age: 70 years). Sahyoun et al. (7)
reported that the number of POPs was more
strongly associated with the nutritional status of
individuals, as determined by dietary quality and
serum levels of nutrients than the total number of
teeth or the number of posterior teeth.
The presence and location of teeth is one mea-
sure of the oral health status; however, it has been
suggested that it is difficult to assess oral function
using the number of teeth without data on presence
of prostheses (10). Removable dental prostheses,
such as complete or partial dentures, can restore
oral function to a certain degree (11). Studies have
shown that not only the presence of dentures but
also the quality of the denture fit was associated
with nutrient and food intake and dietary variety.
Well-fitting dentures can correct nutritional prob-
lems, whereas ill-fitting dentures cannot (12, 13).
Overall, accumulating evidence suggests that
various oral health status indices are associated
with nutrient and food intake and nutritional sta-
tus. However, most of the studies, which focused
on an index other than tooth loss (such as POPs or
the quality of denture fit), did not include Asian
populations. There are very limited data for people
in Japan. Differing genetic backgrounds and life-
styles among populations may affect the associa-
tion between oral health status and nutrition.
Further study is needed to clarify this association
in the Japanese, one of the fastest aging popula-
tions in the world. This study was therefore
planned with the purpose of assessing whether
oral health status, defined on the basis of the pres-
ence of POPs and self-reported adequacy of remov-
able denture fit, was related to nutrient and food
intake among 80-year-old Japanese subjects.
Materials and methods
Study design and selection of study
participants
Cross-sectional data in June 2008 were derived
from the Niigata study (Fig. 1). Briefly, the Niigata
study is a community-based cohort study initiated
in 1998 to evaluate the relationships between sys-
temic health and oral health. In April 1998, all 4542
Niigata citizens aged 70 years (2099 men and 2443
women) were sent a written request to participate
in the survey. The invitation was mailed again to
nonrespondents 3 weeks later, and consequently,
81.4% (n = 3695) responded positively to partici-
pate in the survey. Considering the availability of
resources, examination appointments could be
arranged for 600 individuals. The final study sam-
ple was randomly recruited from several areas of
Niigata in order to have an approximately equal
number of men (n = 306) and women (n = 294)
(14). Participants had undergone annual follow-up
examinations during 1999–2008. During 1998–2008,
241 of the 600 original participants were not avail-
able for the current study due to the following rea-
sons: (i) 122 refused, (ii) 31 were hospitalized, (iii)
eighty were deceased, and (iv) eight moved away
from Niigata City. Therefore, 359 individuals who
were 70 years old in 1998 and were 80 years old in
2008 were enrolled in the current study. They
underwent routine follow-up examinations (dental
examination, interview, and anthropometric evalu-
ation) as well as dietary intake assessment. Six par-
ticipants who did not submit complete data were
excluded; therefore, the current study sample con-
sisted of 353 participants aged 80 years in 2008.
This study was conducted according to the
guidelines laid down in the Declaration of Helsinki,
and all procedures involving human subjects were
approved by the Ethics Committee of the Faculty of
Dentistry, Niigata University. Written informed
consent was obtained from all study participants.
Dietary intake assessment
Dietary habits during the preceding month were
assessed with a brief-type self-administered diet
history questionnaire (BDHQ) (15). The uses, reli-
ability, and validity of this food frequency ques-
tionnaire were reported elsewhere (16, 17).
Estimates of dietary intake for energy, nutrients,
and food groups were calculated using an ad hoc
computer algorithm for the BDHQ, which was
based on the Standard Tables of Food Composition
in Japan (18). Information on dietary supplement
use was not available to the investigators, and
therefore, nutrient intake from dietary supple-
ments was not incorporated into the analysis.
Dental examination
The dental examination was conducted under suf-
ficient illumination using artificial light by cali-
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brated examiners as previously reported (5)
(Fig. 1). The examinations included counting the
number of POPs, which was defined as pairs of
occluding natural, restored, or fixed prosthetic
postcanine teeth (molars and premolars), exclud-
ing third molars (range: 0–8). No study partici-
pant had a dental implant. In addition to
counting the number of POPs, participants who
had an edentulous posterior zone (i.e., the num-
ber of POPs <8) were administered a question-
naire about removable dentures. The
questionnaire consisted of questions about the use
and fit of the dentures. The denture users were
asked about the quality of their denture fit, ‘In
general, would you say the fit of your denture is
excellent, good, poor, or very poor?’ The answer
was treated as a dichotomous variable with good
fit encompassing the first two responses and ill
fit, the last two responses.
Description of main exposure variable
Oral health status was defined by the number of
POPs and removable denture status (Fig. 1). The
four groups used to specify the main exposure
variables for this study were: (i) good dentition
(n = 56; 8 POPs and no removable prosthesis), (ii)
well-fitting denture(s) (n = 158; <8 POPs with self-
reported well-fitting dentures), (iii) ill-fitting den-
ture (n = 70; <8 POPs with self-reported ill-fitting
dentures), and (iv) compromised dentition (n = 69;
<8 POPs and no removable prosthesis).
Description of outcome variables
Dietary intake of 13 specific nutrients and seven
food groups were used for outcome variables. The
11 nutrients except for the carbohydrates and die-
tary fiber are listed in ‘Dietary Reference Intakes
(DRIs) for Japanese – 2010’ (19) published by the
Ministry of Health, Labour, andWelfare as nutrients
Niigata citizens, 70 years old, were sent a written request to participate in the survey.
n = 4542
Underwent routine follow-up examinations (dental examination, interview and anthropometric 
evaluation) as well as dietary intake assessment.
n = 359
Study participants
n = 353
Randomly recruited from several areas of Niigata .
n = 600
Lost to follow-up over 10 years
n = 241
(122 refused, 31 were hospitalized, 80 were deceased, and 8 moved 
away from Niigata City)
Did not submit complete data
n = 6
April, 1998
June, 2008   Cross-sectional data from a Niigata study were collected.
Underwent annual follow-up examinations during 1999-2008  .
• Counted the number of posterior 
occluding pairs (POPs), defined as  
pairs of occluding natural, restored, 
or fixed prosthetic post-canine teeth 
(range: 0 to 8).
• Administered a questionnaire about 
their dentures (For denture wears).POPs = 6
Classified into four groups:
(1) Good dentition (n = 56; 8 POPs and no removable prosthesis)
(2) Well-fitting dentures (n = 158; <8 POPs with self-reported good-fitting dentures)
(3) Ill-fitting dentures (n = 70; <8 POPs with self-reported ill-fitting dentures)
(4) Compromised dentition (n = 69; <8 POPs and no removable prosthesis)
June, 1998   Niigata study initiated.
Fig. 1. Flow diagram of the study.
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to which the elderly (aged 70 years or older)
should pay attention. Tests of normality using the
Shapiro–Wilk statistic revealed that outcome vari-
ables were not normally distributed; therefore, a
log10-transformed variable was used to achieve a
more symmetric distribution. For outcome vari-
ables with a zero value, one-tenth of the lowest
value above zero was added prior to log-transfor-
mation.
Dietary Reference Intakes includes the recom-
mended intake levels for the nutrients for Japanese
people aged 70 years and over [protein, 60 g/day
for men, 50 g/day for women; carbohydrates, 50 E
% for men and women; n-3 polyunsaturated fatty
acid (PUFA), 2.2 g/day for men, 1.8 g/day for
women; sodium, 600 mg/day for men and women;
potassium, 2500 mg/day for men, 2000 mg/day
for women; calcium, 700 mg/day for men,
600 mg/day for women; vitamin A, 800 lgRE/day
for men, 650 lgRE/day for women; vitamin D,
5.5 lg/day for men and women; vitamin E,
7.0 mg/day for men, 6.5 mg/day for women; vita-
min B6, 1.4 mg/day for men, 1.1 mg/day for
women; vitamin B12, 2.4 lg/day for men and
women; folate, 240 lg/day for men and women;
dietary fiber, 19 g/day for men, 17 g/day for
women]. The number of the nutrients below the
recommended intake levels (range: 0–13) was
counted for each participant. Participants in the
highest quartile (i.e., participants with ≥9 nutrients
below the recommended intake levels) were con-
sidered as those who were at risk of nutritional
deficiencies. This dichotomous measure, nutri-
tional deficiencies, was used for a secondary out-
come variable.
Statistical analyses
Initially, analysis of variance for continuous vari-
ables and the chi-square test for categorical vari-
ables were used to test differences in the means
and percentages of selected characteristics among
different four study groups. Moreover, differences
in these selected characteristics and additional
characteristics related to the dentures between the
well-fitting denture and ill-fitting denture groups
were tested using independent t-tests for continu-
ous variables and the chi-square test for categorical
variables.
Multivariable analysis of the differences in
nutrient intake and food group consumption out-
come variables among four oral health status
groups (referent category = good dentition group)
was conducted using general linear models to test
the hypothesis that (1) the ill-fitting denture or
compromised dentition groups had lower nutri-
ent intake and food group consumption com-
pared to the good dentition group, and (2)
nutrient intake and food group consumption by
the well-fitting denture group were not signifi-
cantly different from the good dentition group.
Multivariable models were adjusted for potential
confounders: gender (categories: men or women),
income (categories: annual household income ≥
or <¥2 000 000 JP), education (categories: school
attendance: ≥ or <10 years), smoking status (cate-
gories: never or current and previous smoker),
alcohol use (categories: ethanol < or ≥20 g/day),
body mass index (BMI, continuous), and total
energy intake (continuous). Effect modification
was evaluated using interaction terms. Least-
square means (LSMs) of nutrients and food
groups were obtained across categories of oral
health status.
As part of a sensitivity analysis, logistic regres-
sion analysis was performed including nutritional
deficiencies as a secondary outcome measure.
The level of significance was set at a = 0.05. All
calculations and statistical analyses were per-
formed using the statistical software package
STATA (version 12; Stata Corp., TX, USA).
Results
Table 1 shows study participants’ characteristics
by oral health status. Good dentition group had
more intact teeth at 80 years old (P < 0.001) and
fewer teeth lost during 10 years (P < 0.001). There
were no significant differences in the demographic
and socioeconomic, health status, behavioral char-
acteristics, and total energy intake among the four
groups.
Compared to the well-fitting denture group, ill-
fitting denture group had fewer intact teeth
(P = 0.004), more teeth lost during 10 years (P =
0.022), shorter period of denture use (P = 0.048),
and a lower percentage of those who visited den-
tist regularly (P = 0.024).
Nutrient intake
Table 2 shows the estimated LSMs and standard
errors (SEs) of the dietary nutrients by the catego-
ries of oral health status. The antilog of log10 values
for LSMs and SEs has been presented to provide
interpretable results. The self-reported ill-fitting
denture group had significantly (P < 0.05) lower
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intake of protein, n-3 PUFA, potassium, calcium,
vitamin D, vitamin E, vitamin B6, and vitamin B12
than the good dentition group after adjusting for
confounders. Mean dietary intake of protein, n-3
PUFA, potassium, calcium, vitamin A, vitamin D,
vitamin E, vitamin B6, folate, and dietary fiber in
the compromised dentition group was also signifi-
cantly (P < 0.05) lower than in the good dentition
group, adjusting for confounding variables
(Table 2). No significant differences were seen in
nutrient intake between the well-fitting denture
and the good dentition groups. There were no
interactions of the oral health status with covari-
ates.
Table 1. Selected characteristics of study participants by oral health status
All participants
Oral health status
P* P†
Good dentition
Well-fitting
denture
Ill-fitting
denture
Compromised
dentition
n = 353 n = 56 n = 158 n = 70 n = 69
Dental conditions related to tooth loss
No. of intact teeth 15.4  9.7 27.6  1.9 11.3  8.2 8.1  6.5 22.3  4.1 <0.001 0.004
No. of teeth lost
during 10 years
2.7  3.2 0.5  0.9 3.1  3.2 4.3  4.2 2.0  1.8 <0.001 0.022
Duration of denture
use (years)
– – 15.2  11.8 11.8  11.7 – – 0.048
Demographic and socioeconomic status
Agea 80 80 80 80 80 – –
Gender
Men 174 (49.3) 28 (50.0) 75 (47.5) 34 (48.6) 37 (53.6) 0.860 0.878
Women 179 (50.7) 28 (50.0) 83 (52.5) 36 (51.4) 32 (46.4)
Annual household income
≥¥2 000 000 JP 304 (86.1) 50 (89.3) 132 (83.5) 61 (87.1) 61 (88.4) 0.635 0.487
<¥2 000 000 JP 49 (13.9) 6 (10.7) 26 (16.5) 9 (12.9) 8 (11.6)
Education level
School
attendance
≥10 years
208 (58.9) 32 (57.1) 92 (58.2) 39 (55.7) 45 (65.2) 0.675 0.723
School
attendance
<10 years
145 (41.1) 24 (42.9) 66 (41.8) 31 (44.3) 24 (34.8)
Health status and health behavior
BMI (kg/m2) 22.0  3.1 21.9  2.9 22.3  3.2 21.7  3.1 21.9  2.8 0.566 0.191
Regular dental visits
Yes 189 (53.5) 33 (58.9) 91 (57.6) 29 (41.4) 36 (52.2) 0.118 0.024
No 164 (46.5) 23 (41.1) 67 (42.4) 41 (58.6) 33 (47.8)
Dental visits with denture problems in past year
Yes – – 35 (37.6) 24 (53.3) – 0.081
No – – 58 (62.4) 21 (46.7) –
Smoking status
Never smoker 225 (63.7) 38 (67.9) 99 (62.7) 45 (64.3) 43 (62.3) 0.906 0.814
Current &
previous smoker
128 (36.3) 18 (32.1) 59 (37.3) 25 (35.7) 26 (37.7)
Alcohol consumption
Ethanol <20 g/day 309 (87.5) 48 (85.7) 136 (86.1) 63 (90.0) 62 (89.9) 0.751 0.412
Ethanol ≥20 g/day 44 (12.5) 8 (14.3) 22 (13.9) 7 (10.0) 7 (10.1)
Total energy intake
Energy intake (kcal) 2077  653 2217  730 2104  629 1964  612 2016  669 0.135 0.117
Continuous variables are expressed as the mean  standard deviation; categorical variables, as n (percentage).
Good dentition group = eight posterior occluding pairs and no removable prosthesis; well-fitting denture group = <8
posterior occluding pairs with self-reported well-fitting dentures; ill-fitting denture group = <8 posterior occluding
pairs with self-reported ill-fitting dentures; compromised dentition group = <8 posterior occluding pairs and no remov-
able prosthesis.
Text in boldface highlights statistically significant findings (P < 0.05).
aAll participants were 80 years of age.
*P value for the comparison of selected characteristics among four different study groups.
†P value for the comparison of selected characteristics between the well-fitting denture and ill-fitting denture groups.
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Food group intake
The antilog of log10 values for estimated LSMs
and SEs of food group consumption among four
oral health status categories is presented in
Table 3. Consumption of vegetables, fish, and
shellfish by the ill-fitting denture group or com-
promised dentition group was significantly
(P < 0.05) lower than that by the good dentition
group, after controlling for confounders. There
were no significant differences in food group con-
sumption between well-fitting denture and good
dentition groups.
Recommended nutrient intake level
The results of the logistic regression model are
displayed in Table 4, with nutritional deficiencies,
which is defined using the recommended intake
levels, as the dichotomous outcome variable. The
unadjusted model (model 1) showed a significant
association of oral health status with nutritional
deficiencies. The odds ratio (OR) of nutritional
deficiencies was 3.27 [95% confidence interval
(CI), 1.12–9.53] for the ill-fitting denture group
and 3.08 (95% CI, 1.05–9.02) for the compromised
dentition group, compared to the good dentition
group. In model 2 (multivariable adjusted model),
this association was attenuated and no longer sta-
tistically significant. Nevertheless, there was a
tendency for the ill-fitting denture and compro-
mised dentition groups to have greater ORs for
nutritional deficiencies [adjusted OR (95%
CI) = 2.84 (0.95–8.50) for the ill-fitting denture
group and adjusted OR (95% CI) = 2.61 (0.87–
7.88) for the compromised dentition group,
respectively].
Discussion
Intake of multiple nutrients was significantly lower
in participants with self-perceived ill-fitting den-
tures or fewer POPs. This seems to be partly attrib-
utable to lower vegetable intake by the ill-fitting
denture group or compromised dentition group.
Vegetables are perceived as difficult to chew and
are one of the primary sources of many vitamins,
Table 2. Associations between oral health status and nutrient intakea,b,c
Dietary variables
Oral health status
Good dentition
(Referent) Well-fitting denture Ill-fitting denture
Compromised
dentition
n = 56 n = 158 n = 70 n = 69
LSM SE LSM SE P* LSM SE P* LSM SE P*
Protein (g/day) 79 3 77 2 0.316 71 2 0.005 72 2 0.006
Carbohydrates (g/day) 239 6 242 4 0.689 250 6 0.123 249 6 0.161
Fat
n-3 PUFAs (g/day) 3.7 0.2 3.6 0.1 0.686 3.3 0.1 0.022 3.2 0.1 0.013
Minerals
Sodium (mg/day) 4949 155 4949 112 0.998 4703 139 0.147 4717 142 0.173
Potassium (mg/day) 3341 127 3213 88 0.286 3033 109 0.023 2937 107 0.003
Calcium (mg/day) 685 31 648 21 0.195 578 24 0.001 612 26 0.026
Vitamins
Vitamin A (lg/day RE) 861 56 828 39 0.540 769 47 0.121 736 46 0.033
Vitamin D (lg/day) 19.3 1.9 17.7 1.3 0.382 14.5 1.3 0.010 14.8 1.4 0.017
Vitamin E (lg/day) 9.8 0.4 9.5 0.3 0.519 8.9 0.3 0.024 8.6 0.3 0.002
Vitamin B6 (mg/day) 1.66 0.06 1.59 0.04 0.221 1.52 0.05 0.035 1.44 0.05 0.001
Vitamin B12 (lg/day) 12.0 1.0 11.3 0.7 0.509 9.5 0.8 0.018 9.9 0.8 0.050
Folate (lg/day) 461 22 445 15 0.441 416 18 0.054 409 18 0.024
Dietary fiber (g/day) 15.7 0.7 15.3 0.5 0.549 14.7 0.6 0.175 14.1 0.6 0.031
LSM, least-square mean; SE, standard error; RE, retinol; PUFA, polyunsaturated fatty acid.
Good dentition group = eight posterior occluding pairs and no removable prosthesis; well-fitting denture group = <8
posterior occluding pairs with self-reported well-fitting dentures; ill-fitting denture group = <8 posterior occluding
pairs with self-reported ill-fitting dentures; compromised dentition group = <8 posterior occluding pairs and no remov-
able prosthesis.
Text in boldface highlights statistically significant findings (P < 0.05).
aAdjusted for gender, income, education, smoking status, alcohol use, body mass index, and total calorie intake.
bThe dietary variables were log10-transformed prior to analyses.
cThe antilog of log10 values for LSM and SE has been presented to provide meaningful results.
*Comparison to referent category.
446
Iwasaki et al.
minerals, and fiber. In addition, participants with
self-perceived ill-fitting dentures or fewer POPs
consumed significantly less fish and shellfish.
These results are mirrored in the lower intake of
n-3 PUFA, which are mainly found in fish and sea-
food. Not all but some kinds of fish and shellfish
are perceived as difficult to chew (20). In contrast,
dietary intake by individuals with well-fitting den-
tures was not significantly different from individu-
als with all POPs.
Our findings suggest that oral health status
(based on POPs and denture fit) can influence indi-
vidual’s food choice and their nutrient intake.
However, it is important to note that there are sev-
eral factors other than oral health status that influ-
ence food choice, such as food preferences, dietary
habits, nutritional knowledge, cooking skills, and
available food sources as well as psychosocial fac-
tors (7, 21). The current study does not include data
to address such factors; consequently, we could
not include them in the analyses.
The recommended intake levels included in
DRIs are quantities that are sufficient to maintain a
satisfactory nutritional status of a particular gender
and age group (22). Although the association was
not statistically significant, the ill-fitting denture
and compromised dentition groups tended to have
greater ORs for nutritional deficiencies. One expla-
nation for the lack of statistical significance may be
sample size limitations. Future work with larger,
more diversified samples and more complete infor-
mation would be necessary to substantiate our
findings.
There were no significant differences in the car-
bohydrates intake among the four groups. Carbo-
hydrate intake accounted for 51.7% of the total
energy intake in this study population. Forty six
percent of total carbohydrates came from cereals
Table 3. Associations between oral health status and food consumptiona
Dietary variables
Oral health status
Good
dentition
(Referent) Well-fitting denture Ill-fitting denture
Compromised
dentition
n = 56 n = 158 n = 70 n = 69
LSM SE LSM SE P* LSM SE P* LSM SE P*
Rice (g/day) 207 20 209 15 0.926 225 21 0.440 229 21 0.352
Nuts and pulses (g/day) 69 11 70 15 0.946 59 11 0.131 65 11 0.514
Fruits (g/day) 94 15 90 10 0.735 74 11 0.168 74 11 0.163
Vegetables (g/day) 332 25 309 17 0.330 275 19 0.025 271 19 0.016
Fish and shellfish (g/day) 111 11 102 7 0.384 81 8 0.007 85 8 0.021
Meat (g/day) 38 7 37 5 0.968 34 6 0.617 33 6 0.527
Confectionery (g/day) 22 5 25 4 0.607 33 7 0.104 35 8 0.082
LSM, least-square mean; SE, standard error.
Good dentition group = eight posterior occluding pairs and no removable prosthesis; well-fitting denture group = <8
posterior occluding pairs with self-reported well-fitting dentures; ill-fitting denture group = <8 posterior occluding
pairs with self-reported ill-fitting dentures; compromised dentition group = <8 posterior occluding pairs and no remov-
able prosthesis.
Text in boldface highlights statistically significant findings (P < 0.05).
aAdjusted for gender, income, education, smoking status, alcohol use, body mass index, and total calorie intake.
*Comparison to referent category.
Table 4. Associations between oral health status and rec-
ommended nutrient intake level
Outcome: nutritional
deficiencies
Model 1
(Oral health
status only)
Model 2
(Model 1 +
Potential
confounders)
Oral health status
Good dentition
(Referent)
1.00 1.00
Well-fitting
denture
1.48 (0.53–4.15) 1.39 (0.48–3.98)
Ill-fitting
denture
3.27 (1.12–9.53)* 2.84 (0.95–8.50)
Compromised
dentition
3.08 (1.05–9.02)* 2.61 (0.87–7.88)
Nutritional deficiencies = a dichotomous variable for
participants with ≥ 9 nutrients below the recommended
intake levels versus those with < 9 nutrients below the
recommended intake levels; Model 1 = unadjusted/uni-
variate model; Model 2 = model 1 and gender, income,
education, smoking status, alcohol use, BMI, and total
calorie intake.
*P < 0.05.
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including rice, and 18% were from confectionery.
Actually, rice and confectionery were the first and
second food groups as energy sources and
accounted for 20% and 13% of the total energy
intake, respectively. Rice intake was not associated
with the oral health status. Participants with fewer
POPs consumed marginally nonsignificantly
higher confectionery (P = 0.082). These findings
could partly explain the lack of difference in total
energy intake and lack of difference in BMI among
the four groups. Individuals with poor oral health
may prefer high-calorie, low-nutrient dense foods
that are easy to chew. Similar findings have been
reported in previous reports (1–3).
Associations of nutrient and food intake and
nutritional status with systemic health have been
reported. Protein deficiency increases susceptibility
to a variety of pathogens (23). Inadequate dietary
calcium and vitamin D intake is associated with
reduced bone mass and osteoporosis (24).
Increased intake of antioxidant vitamins such as
vitamins A and E reduces the incidence rates of
vascular disease, cancer, and other adverse out-
comes (25, 26). Folate and B vitamins are important
regulators in homocysteine metabolism. It is dem-
onstrated that lowering of homocysteine with folic
acid and vitamins B6 and B12 reduced the risk of
stroke (27). The traditional Japanese diet is charac-
terized by high consumption of fish (28). An
inverse association was found between fish con-
sumption and the development of cardiovascular
disease (29). There is also a possible association
between specific nutrients and oral health. We pre-
viously demonstrated an inverse, independent
relationship of dietary antioxidant vitamin intake
as well as n-3 PUFA intake to the progression of
periodontal disease in older Japanese (30, 31). Thus,
inadequate dietary intake associated with poor
dentition, tooth loss, and ill-fitting dentures can
lead to further oral and systemic health problems.
Regular dental maintenance has been reported
to be associated with lower risk of tooth loss (32)
and long-term survival of dental prostheses (33). In
the current study, the good dentition group had
fewer teeth lost during 10 years. Additionally, the
well-fitting denture group had more intact teeth,
fewer teeth lost during 10 years, and a higher per-
centage of those who visited dentist regularly,
compared to the ill-fitting denture group. There-
fore, regular dental care to maintain an intact den-
tition, as well as dental treatment to replace
missing teeth and ensure adequate denture fit and
function, may be important to the nutritional status
of older Japanese and, ultimately, to their overall
health.
The well-fitting denture group had a longer per-
iod of denture use than the ill-fitting denture
group. It is reported that elderly experienced den-
ture wearers are more likely to accept limitations
of denture wearing than their younger counter-
parts and that older adults with a long history of
denture wearing accept edentulousness as part of
the aging process (34). The experiences of the den-
ture use are associated with the attitudes toward
edentulousness and acceptance of the dentures and
may influence dietary intake among the elderly.
The strength of this study is that the data are
derived from a homogenous group of older Japa-
nese restricted to the age of 80 years, which elimi-
nated the influences of variations in age and race
on our results, and directly addresses a Japanese
population. On the other hand, there is a potential
risk that our final sample analyzed may not be rep-
resentative of the originally sampled cohort. Only
359 participants of the 600 original cohort of the
Niigata study underwent examinations in 2008.
Selected characteristics in 1998 were compared
between the 359 participants and 241 individuals
who dropped out. The 241 withdrawals had fewer
remaining teeth, and a higher percentage of those
were current smokers [241 individuals who
dropped out versus 359 participants, 16.4  9.4
(mean  standard deviation) versus 18.1  9.2,
P = 0.032, for the number of teeth and 23.5% ver-
sus 16.3%, P = 0.031, for the percentage of current
smokers, respectively]. In this context, the present
sample may be healthier than the general popula-
tion; therefore, the results based on this single
study should be interpreted with some caution,
because this selection bias may lead to over- or
underestimation of the true association. There are
several other limitations to the present study. First,
our study had a cross-sectional design, which pre-
vented us from assessing a temporal relationship
and establishing causality. Second, dietary habits
are subject to seasonal variation (35). In the current
study, dietary habits during May were assessed
with a validated food frequency questionnaire,
BDHQ. Although BDHQ showed reasonable valid-
ity for food intake estimations in each of the four
seasons (17), the effect of seasonal dietary intake
variation on the observed associations of oral
health status with nutrient and food intake was
unclear. Third, information on participants’ serum
albumin levels was not available to the investiga-
tors, and therefore, we were unable to fully assess
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participants’ nutritional status. Fourth, swallowing
difficulties can influence the nutritional outcomes
in older adults (36); however, information on par-
ticipants’ swallowing function was not collected;
hence, this potentially important factor could not
be assessed in the analyses. Fifth, information on
nutritional supplement use was not available;
therefore, it was not possible to assess with com-
plete accuracy the amount of dietary nutrients,
leading to over- or underestimation of the
observed association. In the National Health and
Nutrition Survey Japan 2008 of people aged
70 years or over (n = 1877) (37), the percentage of
individuals taking any supplement was of 16.9%
(n = 272). Sixth, because there is no summary mea-
sure of the overall quality of an individual’s diet in
Japan, such as the Healthy Eating Index in the Uni-
ted States., we could not examine the association
between the oral health status and overall diet
quality. Finally, in this report, denture status was
based on the participant’s self-assessment. No clin-
ical measurements were taken; therefore, an indi-
vidual’s oral health status may differ from the
evaluation of their oral health status by a dental
healthcare professional. Sahyoun et al. (13) used
both self-assessed and examiner-assessed mea-
sures of denture fit. They found no consistent asso-
ciation between denture fit determined by a dental
examination and dietary quality or nutrient intake
and concluded that self-perceived denture fit
appears to have a greater impact on eating hab-
its and nutritional status than a dentist’s evalua-
tion of fit. The results of the present study
indicate that self-perceived denture fit is related
to dietary intake among older Japanese. Admin-
istering a questionnaire to denture wearers
about their perceptions of denture fit may be
useful to identify people at risk of experiencing
low nutrient intake.
In summary, poor oral health status (based on
POPs and denture fit) was associated with
decreased food consumption and lower nutrient
intake among 80-year-old Japanese subjects. This
observed association provides evidence of the rela-
tionship of oral health with nutrition and further
with systemic health in older people.
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